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(54) Polishing slurries and a process for the production thereof 



(57) A polishing slurry comprises a silica-dispersed 
solution obtained by dispersing, in an aqueous solvent, 
a fumed silica having an average primary particle size 
of from 5 to 30 nm, the silica-dispersed solution exhib- 
iting a light scattering index (n) of from 3 to 6 at a silica 
concentration of 1.5% by weight, and the fumed silica 
dispersed therein having an average secondary particle 
size of from 30 to 100 nm on the weight basis. The pol- 



ishing slurry is produced by pulverizing, using a high- 
pressure homogenizer, a silica-dispersed solution ob- 
tained by dispersing a fumed silica in an aqueous sol- 
vent, so that the fumed silica possesses an average sec- 
ondary particle size of from 30 to 100 nm on the weight 
basis. The polishing slurry is used for polishing semi- 
conductor wafers and inter-layer dielectric in an IC proc- 
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Description 

RACKGROUNP HP THE INVENTION 



(Technical Field) 

The oresent invention relates to a novel polishing slurry that can be favorably used for polishing ser^conductor 
wafers a wiiSS S silicon and for polishing an inter-layer dielectric in the IC fabrication process (hereinafter 
nffn rafer red tc as CMP) More specificaNy, the invention relates to a polishing slurry comprising a s. ca-dispersed 
£^ turned silica particles is an aqueous soK,ent, featuring a high purity, excellent pohshmg 

performance and excellent preservation stability. 

(Background Art) 

A conventional polishing slurry comprising a silica-dispersed solution can be represented by the one which com- 
prises coS^^^^^^ by using sodium silicate as a starting material. For example New Ceram.cs . No 2 . p* 
EE iSlclSs a polishing s.urr^ for silicon wafers comprising co.loidal si.ica obtained 

colloidal si.ica is synthesized in a liquid phase and is used in the form of a d.spers.on wrthout be,ng dr.ed. exh,b,t.ng 

St these' Z£l£Z EL Hterature proposes a method of obtaining co.toida. si.ica by using an o, 

cannori removed to a sufficient degree even by the washing. This means that the pohshed surfaces are further 
SStSit^SSn use is made of the coHoidal si.ica containing much impurities, that .s obta.ned by us.ng the sod.um 

^SSS^'SSSl silica, there has been known a fumed silica which is a fine siltea and is obtained on an 

Serlfore attempt have beTmade to use the fumed si.ica as a po.ishing s.urry to substitute for the pohsh.ng slurry 

^ "^mprCne^'Patent Publication No. 20350/1982 and Japanese Laid-Open Patent Pub.fcatio, , Na 
eo^ST^Ta si.icon-dispersed solution obtained by dispersing a fumed si.ica .n an aqueous sofvent and a 
nr,iiQhinn slurrv for silicon wafers comprising the above silica-dispersed solution. . , 

P SeveMhe umed silica is provided in the form of a 4y aggregated powder which, when ,t has a *Q"P«fe 
surface Z (smaU primary particle size), can be stably dispersed with very difficulty ,n an aqueous so.ut.on as f,ne 

^'^above-mentioned .iterature therefore teaches that it is desirable to use fumed si.ica having a specific surface 
area of not ?arqeTthan 75 m*/g to produce a silica-dispersed solution in which silica part.cles are favorably d spersed 
T? fCTs lS having a specific surface area of not larger than 75 m*/g has an average pnmary ^parUcfc >sw . of 
« r^ e ve.Ttarae as not smaller than 36 nm as reckoned from the specific surface area that w.ll be descr.bed laten 
Z?^lXl!!SZ£ obtain a silica-dispersed solution having good dispersion property. However, the fumed 
Z^SXSSi the Lme has hard partic.es. When the si.ica^ispersed solution of the fumed Mm sed as 
aSishl s u ry. therefore, the polished surfaces tend to be scarred and lose planarrty. arous.ng a problem .from the 
stanSpoW o usfng i, as a polishing slurry for the semiconductor wafers or for the ,nter-layer d.electnc du nn the IC 
S In The CMP for poNshing the inter-layer dielectric (often called wiring layer) as represented by atfMttnn 
Sc process that is drawing attention in recent years, in particular, scars formed on the w.mg layer are causing a 
bZ^^^MV formed thereon. According to the present inventors, furthermore, .t has beer, con .rrned tha the 
supernatant foL after the si.ica-dispersed so.ution is left to stand for severe, months; ,.e.. the s,.,a-d,spersed 

" SOlU Wh n en a K ^Z^re^a siiica-dispersed so.utton using a fumed si.ica having a sma.. primary oartide 
size and a Jpecffic Turiace area of no. smaUer than 75 m*/g by using a high-shearing mixer that has heretofore been 
used Tor me dispersion, poor dispersion stability is obtained since silica has poor d.spers.on property. Bes.des, the 
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,ep r:^n^:« 

sssr.cs: r — ~ — - - — 

than 0.3 but not larger than 3 per 1 nm 2 . _ hlti „ n h *Q nrad stability the silica-dispersed solution 

Thooghthere has been described ^^S^^S^SSS^ silica with an alkoxysiiane 
is obtained by drying the silica before »££ZZ^ Besides, the dispersion 

coupling agent to satisfy the above-mentioned ^^^^^^^^ silica is ol the high-shearing 

(Disclosure of the Invention) 

TCa ,bov.-m.nlion«) <*>|ac s and »*»™»9«* °< «" ^^^^"" "i^talum^sBca having «n»»..a 9 e 

surface area in compliance with the following formula (1). 

d = 6/(s x D) 

where d is an average primary particle size, S is a specific surface area, and D is a density of the fumed silica 

(2 %ttht scattering indexes found by 
4 s mercially available spectrophotometer. First, a , reference ceH and a of ? rom 4 P 60 to 700 nm. Next, 

mm are filled with the deionized water to calibrate ^J^™^™^,^,^ of the si.icaOispersed 
the silica-dispersed solution is diluted w.th the de on.zed heater so that t Jj ^«ioo ^ ^ ^ ^ ^ 

so log (x) are plotted and, by using the following formula, 



< 2) 



55 



the inciination (-n) of a Hne is found based upon ZEES 

,east squares. In this case, n represents a ght ecattenn , ndex. It ,s des.red that ement . g taken at 241 

possible from the standpoint of improv.ng the precis.on of n. In the present 
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P oints - , •• ^ ^ Q e,r»H that the ranae of absorbance is from 0.01 to 3 by taking the 

To accurately measure the absorbance, ,t is des -«dthat the range ot ah so ^ 

sensitMty ot the measuring instrument '"to con^deraUon .For ^JW^-SETln the silica^ispersed solution 
the cell tor measuring the absorbance . eo be Jj ^ ^^Lnc. can be measured over a range o. 
which is the polishing slurry is set to be 1 .5 A .by weight soma absorbance , furthermore, a range of 460 to 

nearly from 0.01 to 3. As tor the range of wavelengths °' La ^and tog (x) and high sensitivity is obtained. 
700 nm is selected wilhin which a straight line parti size analyzer. That is, 

(Brief Description of the Drawing) 

Fig. 1 is a diagram schematically illustrating the arrangement of a head^n collision jet pulverizer used in the 
present invention. 
(Disclosure of the Invention) 

' ln the present invention, a fumed silica is 
obtained by a known method of burning a s^catetra^ 

1 500 ma/g has an average primary P- rt ^^ has an average primary particle 

jrSrSSS SSSU* *« 5 to 23 nm from the standpoint of 

That is, when the fumed silica hav.ng an average pnmary parttfe of a gar man superna tant 
dispersed solution exhibits good disperse P;°P^ wh * ^.^^ SwSln 9 poor preservation stability, 
liquid becomes clear and precipitate deposits on the bottom ^ c ^^ ^ ^J zeamu ^ apfM o m 

45 value which is not smaller than 6. ^.^--h o^.itinn satisfvina the average primary particle size 

Therefore, the polishing slurry comprising ^^£ a "^£ ^'^S sSility but also exhibits markedly 
andhavingthevaluenofnotsmal.erthan3,exh,b^ 

improved polishing performance compared with thepol^^^^ h havi ^ 

value n of smaller than 3 obtained according to the conventional method by d.spers.ng 

obtaining good preservation stability. 
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^TeliH^ 

^C^^ are added up from those particles having sma „ sizes an^ ^,e size 

° f ^ne^thTpo,:: SSStS amount of not more than 10% by weight, prefers** not more than 3% 

aw 
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0.1% by weight, the polishing efficiency J^f 8 f. |je M the above ^ en tioned range. For the ultra-fine 

Therefore, the silica concentration should be adjusted <° ' * w ™' n jon havj a silica conce ntration of 

finishing of the silicon wafers. J-^^"* J£E5S£S5 th. si.J concentration may often 
as low as from 0.5 to 5% by weight. When the Fj*^"^" cost of transportation. In this case, the polishing 
be adjusted to be not smaller than 20% by weight to *°™"^ c "£ J™ use . Tne polish i ng slurry may be 
slurry is diluted with an aqueous sofvent to ^^T^^^^S^ polished as a matter of course. 

^'^Z^^TJSn, though there is no particular Hmitation, the (Cowing process is recommended 

called head-on collision jet pulverizer. Qrro „„ omont the head-on collision jet pulverizer used in the 

Referring to Fig. 1 schematically illustrating me ,« angemer J of ^ <> ~ JJ> ^ js sept through 

aggregated fumed silica in the silica-dispersed s0 '" , '°". conditions cannot be definitely determined since the 

palvehza.len efManay h«— «*» » f 'T»r,r. P SZ edUaTmw reach, in tenas ol a rela.lv. speed. 
^fp^S^ead^^^^ 

be ellecled dne time Id several tens of times. m, ,iiica-disp«rsed solution, diamond dan ba 

As th. matatial eonstibatino , paitrdn tdr f^^^^^^^ M ^^N«KM2BR. 
la ^n S e f »,«pp.ead^ 
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for being industrially used. concentration of the silica«Jispersed solution is not larger than 40% 

In the present ,nvent.on, rt is desiredthat the ~™ e ™* «» , efabty not , arger tnan 20% fay weight. As the 
by weight, preferably, not larger than 30% by , we ^t, a"d more ^^eLoorrmking It difficult to accomplish. the 
concentration exceeds 40% by weight, the fluidity of the ^^ZlallZha decrease in the average particle 
pulverization processing. The fluidity of the solution, making it difficult 

size after the pulverization or with an '"crease -n the^ - n «'^^^ Ca a low P silica concentrate is treated by 

and the process of the present invention is adapted I again. si , ica .<jispersed solution at the time when it is 

extended periods of time could not be obtained desp.te the s. ,ca ^asdisp ereed rna.ni j I P ^ ^ 

^rcr^rrs P r-r =rri & » > - - - - 

extended periods of time or even when alkali is added ' « h ° r *° m amount ot the alkali cannot be definitely 

solution may exhibit an - re f work may be required for 
which is the starting material exhibits a high v.scos.ty » as dispersion assistants as described earlier 

^^^^.^^^^^^'^^'^ 

silica-dispersed solution obtained by dispersing a fumed srtica having , an av BJ ^ wei ht and 

than 30 nm. so as to exhibit a light scattering index ^ from ^ • J^gJE Tnere{ore , the polisning slurry 
to assume an average secondar/ particle size. of from 30 to r characteristics causing the polished 

35 dielectric in the IC process. 
EXAMPLES 

" Tne present invents wil, now be concretely described by way of Examples to which only, however, the invention 
40 18 %Ta 3 S is' the starting materia, and a po.ishing slurry comprising a silica-dispersed solution were anafyzed 
and evaluated by the methods described below. 

1 Specific surface area. 

45 The specie surface area was measured by using a specific surface-measuring instrument of the BET type (Flow- 

Sorb II manufactured by Shimadzu Corp). 

2 Average primary particle size. 

50 Theaverageprimaryparticlesizewascalculatedfromthespecmcsurtaceareaincompliancewiththeformulall) 

mentioned above. 

3 Average secondary particle size. 

55 The average secondary particle size was measured by using a disk type highspeed centr«ugal particle size an- 

alyzer (BI-DCP manufactured by Nikkiso Co., Ltd.). 
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.examined until the polishing slurrythat was lento stand still was partly gelled to lose ^ 
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4. Preservation stability. 

The number ol days wast 

5. Measurement of pH. 

Measured at 25»C by using a pH meter (F-22 manufactured by Horiba, Ltd.). 

6. Measurement of viscosity. 



u aS uredat25'Cby using a B-type viscometer (model BL manufactured by Tokimec, inc.) The samples exhibiting 
^TZ^S^^sZ by attaching an adaptor for iow viscosity measurement. 

7. Measurement of light scattering index (n). 

Measured by using a spectrophotometer (mode, ^^^^^^SS^S^^ 
a reference cel. and a sample cel. having an *•* *» deioniZ6d Water 

calibrate zero point over a whole range of wavelengths. Next, J^*™ Xne sample ce || was then filled 

so that thesilica concentrate^ 

with the diluted solution to ^Jj^l^ b^JS- aforementioned formula (2), the inclination 

index. 

8. Polishing rate. 

po,«„ g Ming wa. conduct* and.*. *^™£i„ B ,i»S*«J™.-«« 
11. poking do*. «~ 6J-380IN-S ™">»^2^^^1^»5 . rat 'or Md* t» po.*n, 

9 Evaluation of planarity after polishing. 

10 Contents of metal elements other than potassium. 

above nine elements was 1 .6 ppm. 
(Example 1) 



8 



EP 0 773 270 A2 



HnS c^nwion ol l» by rtghl and wa. » homogn»» «*l«on oMMng a rnHkaanaa oeta 

dielectric. 

(Examples 2 and 3) 

Silica-disoersed solutions were prepared in the same manner as in Example 1 but changing the pressure jin the 
(Examples 4 to 7) 

in Table 1. The sihca-dtsperseo so ul,on * ™ results were as shown in Table 1. Since the starting material 

after polishing. 
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(Comparative Example 1) 

TRATURRAX T-25 manufactured by Ika Works, Inc.) as 2 The si , ica -dispersed solution was used as a 
" S "LTo" fJS SLSSS"**" M » MM w s =n.*W M «l 6x» mP le . , and me MUg *» - 

was 0.33 nm which was inferior to that of Examples. makes ft possjb|e tQ finely 

(Comparative Examples 2 to 6) 

sniper.- -..on. w.,e -^^^^^^^"2=^ 
Kinds of .amad .ilea having drasr.nl aaaraga P™="=** *?" S1?S,elTn Tabl. 2. Moreovar. M aita-dl* 

items were not conducted. 



30 



35 



40 



45 



SO 



55 



11 



EP 0 773 270 A2 



! 

* * * *z 

r-( a © O t= 

<t* e c; ^ a 

D CD C +J C 

<u i-i o <tf 

s a> o u 



«h m r- ^ « 

c-5 f-3 tH ^ CN 



TO 



nj O #Q 
q) *ri 
M ^ 



i 



8 8 

CO 



1 



i 



01 

x; 

i 

in 



*0 

i 

cn 



15 



20 



25 



CO 

M £ « C 

p p J ^ 

CO M C 



I 

01 

O C RJ C 
1 



C0 
M 

t7> 



£"8 § 



02 o 



rO 
en 



CN 



CN 



cs 



CM 



CO 



CN 



co 



O 



N5 
CN 



o 




CD 




cn 


O 




• 




co 


tH 


cn 



30 



35 



40 



45 



50 



CN 

Of 

i 



& 0) § 

CD flj r-4 G 



MOV 
0) O W 

> a) «tj 



>i 01 

n m Pj 
-hob 



CO 


CN 


. CN 




<Ti 


O 




rH 


CN 


in 


in 


CN 


• 


* 










VP 


V£> 




* 






CN 


OP 


CM 




fH 





\o cn 

iH CN 
CN 



CN 



c- 

CN 



CD >ii^ 

£ aJ Q) C 



2 



> U «T5 *^ 

< Q, Qj 93 

*m a 

q) W <D 

Ok 53 U 

cn m m 





in 


ro 


o 




o 








• 


• 


• 


CN 


CN 




CN 



o co c% r- vo 



oo m ^ 
o o 

^-4 CN 



m 

o 



CN 
■ 
CO 



vO 
CN 



CN CO 



O 
CO 



55 



e • 



r-( CN 



CO 



12 



EP 0 773 270 A2 



(Example 8) 

mixed togalh... Naxl. 300 g d » fumed •*» ^"T^, ™c4 sertaee am) v«e thrown 

prepare a silica-dispersed solution. yh si | ica _dj S persed solution 
Theobtainedsi.^ 

possessed a silica concentration of 10% by * j|jcon waferSi and was measured for its prop- 

The silica-dispersed solution was used as a pol.sh ng slurry lor th sihcon wa ^ solutjon tnat 

erties and polishing characteristics. The Pf*'"^^ 

was diluted with pure water such that ^^^SKS^TSL waters of the present invention was 

e=d^ 
(Examples 9 and 10) 

very little contamination to the silicon wafers^ S | Urrv comprising a silica-dispersed solution 

It will be understood from the foregoing Examples that ^^^'^Jf^^ % wi „ be further understood 
having n of not smaller than 3 exhibits "^^SJ Z £££XL IS- 30 to 100 nm and a 

SSJ»2OT 

(Comparative Examples 7 to 9) 

(ULTRATURRAXT-25 mnuMcUM by .k. Worts, '~ » » s ^*°'""' 3 ™ ™7^ sp . re ^ we,, used .. 

30 minutes. ... dispersed poorly compared to that of Examples 

„ will be unda.slood M Ih. ^^™XS p » S* "enee, ma poMhg e.aa, obtained «- 

rr.™nr.r^^^^^^ 
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(Comparative Example 10) 

A silica-dispersed solution was obtained by using colloidal silica (SNOWTEX 20L manufactured 
Koovc Go ) obtained from sodium silicate as a starting material, and from which impurity .ons were amoved as much 
^possible byfon exchange. The silica-dispersed solution was diluted wHh pure water so that the s,l,ca concentration 
was 12% by weight, and potassium hydroxide was added little by little so as to exhibit a P H of 10.3. 

a vlsSTof ? 2 mPa-s, a P H of 1 0.3, an average secondary particle size of 57 nm, and a degree of monomers™ 
of 3 Tlen used as a slurry for the inter-layer dielectric, the silfca-dispersed solution exhibited polish.ng character- 
Stics and preservation stability that were nearly comparable to those of the polishing slurry of the present nvention^ 

Howeve", the sil^ispersed solution contained metal elements in amounts of 750 ppm indicating that the punty 
was considerably lower than that of the Examples. akh,^,,-,!,. 

The sample after polished was washed, the oxide film on the surface of the sample was dissolved with hydrofluoric 
acid and the^oSn was subjected to the analysis using the above^entioned .CP-MS. As a resuft. the total o the 
^oveCttontd nine metal dements could be reckoned to be 7.2 x 1013 atoms/cm* per the surface area of the 

Sam ThYlample tested in Example 3 was also analyzed in regard to its contaminating metals to be 3B x 10" atoms/ 
cm* It wSl thus be understood that the polishing slurry having high purity of the present invention makes ,t possible to 
decrease the contamination by metals on the polished surfaces. 

(Comparative Examples 11 and 12) 

Silica-dispersed solutions were prepared in the same manner as in Examples 4 and 6 but using an ultrasonic 
pulve S ?ON CATOR, model Manufactured by Taikan Seisakusho Co.) and treating the so.ut.on apower 
of 150 W for 10 minutes. The amount of treatment at one time was about 50 ml, and the s...ca^.spersed solut,on of a 
required amount was obtained by repeating the treatment several tens of times. si ,i ca ^ iS Dersed 

Table 4 shows the measured items of the silica-dispersed solutions and properties of when the silica^ispersed 
solutions were used as polishing slurries for the inter-layer dielectric. ..,.,.„„,„ 

Though the n-value was not smaller than 3, the average secondary particle s.ze was not smaller than 100 nm. 
Therefore the silica-dispersed solutions exhibited inferior performance such as polishing rate, surface coarseness, 

^T^t^e^e* concentrations were slightly larger than those of Examples probably due to the cor- 
rosion of a stainless steel of the ultrasonic wave irradiation device. 

Table 4 





Comp. Ex.11 


Comp. Ex.12 


Specific surface area (m 2 /g) 


205 


380 


Ave. primary particle size (nm) 


13 


7 


n 


3.07 


3.28 


Viscosity (mPa-s) 


3.2 


4.3 


pH 


10.5 


10.4 


Ave. secondary particle size(nm) 


128 


112 


Degree of mono-dispersion 


1.84 


1.96 


Polishing rate (nm/min) 


132 


98 


Surface coarseness (nm) 


0.22 


0.18 


Preservation stability 


5 months 


3 months 


Metal elements (ppm) 


7.9 


5.3 
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Claims 

1 A polishing slurry comprising a silica-dispersed solution obtainable by dispersing, in an aqueous solvent a fumed 
siltea having an average primary particle size of from 5 to 30 nm, the silica<Jispersed solu , on exhibiting a light 
SatteS 

having an average secondary particle size of from 30 to 100 nm on the weight basis. 
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2. A polishing slurry according to claim 1 having a content of metal elements other than potassium in the silica- 
dispersed solution of not larger than 10 ppm. 

3. A polishing slurry according to claim 1 or claim 2 wherein the concentration of fumed silica in the silica-dispersed 
5 solution is from 0. 1 to 40% by weight. 

4. A polishing slurry according to any one of claims 1 to 3 wherein the degree of mono-dispersion of the fumed silica 
in the silica-dispersed solution is from 1 .2 to 2. 

10 5. A polishing slurry according to any one of claims 1 to 4 wherein the pH of the silica-dispersed solution is from 8 to 1 3. 

6. A process for producing a polishing slurry comprising pulverizing, using a high-pressure homogenizer, a silica- 
dispersed solution obtainable by dispersing a fumed silica in an aqueous solvent, so that the fumed silica possesses 
an average secondary particle size of from 30 to 100 nm on the weight basis. 

7. A process according to claim 6 wherein pulverization is effected by bringing the silica-dispersed solution into head- 
on collision. 

8. A process according to claim 6 or claim 7 wherein a silica-dispersed solution having a pH of not less than 8 is 
20 pulverized. 

9. A process according to any one of claims 6 to 8 wherein pulverization is effected under a treatment pressure of 
from 500 to 3500 kgf/cm 2 . 

25 10. Use of a polishing slurry comprising a silica-dispersed solution obtainable by dispersing a fumed silica having an 
" average primary particle size of 5 to 30 nm in an aqueous solvent, the silica-dispersed solution exhibiting a light 
scattering index (n) of from 3 to 6 at a silica concentration of 1 .5% by weight as a polishing material. 

11 . Use according to claim 10 of a polishing slurry according to any one of claims 1 to 5 or produced according to any 
30 one of claims 6 to 9. 

12. Use according to claim 10or claim 11 in polishing a semiconductor wafer or an inter-layer dielectric in the production 
of integrated circuits. 
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